ABSTRACT. The fitness of 8 Andalusian horses between 3 and 4 years of age was analysed. The animals were subjected to an exercise test on a sandy track consisting of 2 stages of different intensities. The first stage was of submaximal intensity at 4 speeds which increased progressively (4.17, 5.56, 6.94 and 8.33 m/sec.) covering a distance of 1,000 m in each level. Between each of these speeds, the horses rested for 2 min. The second stage was a maximal speed test over the same distance carried out 2 min after the ending of the maximal phase. Data of heart rate, plasma lactate concentration, velocity, PCV and pH in the blood were obtained. Maximum heart rate, maximum velocity, V LA2 , V LA4 , peak lactate, minimum pH and maximum PCV were considered functional indexes. A principal component enabled us to segregate horses according to their fitness and in relation to the information provided by the trainers in charge of these horses. The most discriminant variables in order to segregate horses were pHmin, V LA4 , HRmax, V LA2 and Vmax. Differences between horses in relation to PCVmax were not found. The influence of each one of these functional indexes on the test exercise tolerance was discussed. -KEY WORDS: equine exercise, fitness, functional index.
.
Therefore, the main aim of the present work was to describe an objective method to assess physical capacity in Andalusian horses by means of some functional indexes derived from heart rate, lactate, blood pH, PCV and speed during a standardized exercise test (SET).
MATERIALS AND METHODS
Horses: Eight clinically healthy male Andalusian horses, between 3 and 4 years of age were studied. As all these animals belonged to the Training and Selection Center of the Military Stud at Jerez de la Frontera (Spain), their sanitary, feeding and handling conditions were extremely homogeneous. No special criterion was followed to select these animals.
The horses' daily diet consisted of a commercial fodder (3-4 kg according to the moment of training), oat, bran (3 kg) and hay ad libitum. The caloric distribution of the nutrients was 12-18% nitrogenated substances, 2-4% fat and 15-25% gross fibre, which signified a caloric intake of 18,200-21,250 KJ (hay consumption not counted).
Standardized exercise test (SET):
The SET was performed in two phases with different intensities, separated by a 2-min rest period. 1) First phase, of submaximal intensity, divided into four workload (4.15, 5.56, 6 .94 and 8.33 m/ sec), covering a distance of 1,000 m at each level of exercise. The horses were given a 2 min rest between each exercise bout. 2) Second phase, of maximal intensity, consisted of covering 1,000 m at the maximal velocity.
The SET was carried out on a semi-elliptical sandy track, 1,000 m long. The speed was checked as exhaustively as possible by the method described in detail by Agüera [1] . The time was recorded with a chronometer and an ANOVA showed the lack of significant differences between real and In Spain, the Army possesses many Andalusian horses, which can be used by breeding stock farms to mating their mares. The Andalusian horse is held for its beauty and fine temperament and, therefore, its selection has always been based on these qualities. For these reasons, veterinarians from the Army test the morphologic characteristics to verify that the animals have the necessary qualities to be considered as an Andalusian horse. Similarly, the trainers give a report on their easiness to handle and qualities for saddling. This last point is of vital importance, since in Spain this breed is basically used for riding.
Recently the Andalusian horse has begun to compete in classic dressage and carriage driving. A trend to potenciate its physical capacity is developing now in Spain. In consequence, an attempt might be made to reach a prognosis of future performance, i.e., the ability to perform a physical work, and this would be destined to the selection of the most physically able horses.
The means used by previous studies to evaluate exercise capacity and tolerance have varied. Electrocardiography is often considered in the diagnosis of the cause of poor performance. Morphologic characteristics in the electrocardiographic T wave have been related to lack of performance in apparently healthy horses [15] . Other studies have attempted to correlate the number of sporting events won by the horse with the value of "Heart Score", a presumed index of the ventricular size, calculated from the mean duration of QRS complex on the three Leads of Einthoven (I, II, III) [27] . Musculo-skeletal parameterspercentage and total number of the I, IIA and IIB fibres [25] or the enzyme activity [28] and haematological parameters have also been considered [21] . Likewise, many tests for evaluation of fitness and exercise tolerance in horse involve measuring the response to exercise of the heart rate and plasma lactate levels during exercise and recuperation estimate velocities (p<0.01).
Training program: The training usually received by the Andalusian horses in the Training and Selection Center at Jerez de la Frontera is composed by two stages: 1) First stage, lasting for 14 weeks. Its features are summarized in Table 1 . 2) Second stage, lasting for 10 weeks. At the same frequency as the first stage (5 days/week), the daily schedule included 20-30 min of walking, 25-30 min of trotting and 12-18 min of galloping. The work routine was the following: 5-7 min of trotting from each hand, walkingtrotting (as a transition to galloping), 5-9 min of galloping, trotting and, finally, a few min of galloping.
Collection of data: Heart rate was recorded with a Heart Rate Meter (Polar Sport Tester) at 5 sec intervals. Venous blood samples, collected by puncture of the external jugular vein, were obtained at rest, on finishing each level of exercise and at 2, 4, 6, 8, 10, 20 and 30 min of recuperation. Blood was split in two fractions. The first, placed into a tube with heparin-lithium, was immediately centrifuged in order to obtain plasma. The second fraction, poured in a tube with EDTA-3K, was destined for analysis of whole blood. Both samples were kept refrigerated until their subsequent analysis, performed within 12 hr after their extraction.
PCV values were quantified according to the microhaematocrit method. pH was measured in whole blood with a pHmeter (Checker 1). Finally, plasma lactate concentrations were determined with an analyzer, following the enzymatic method (Analox, P-LM5 Champion).
Performance indexes: The following indexes have been considered in the evaluation of fitness in our Andalusian horses: 1) Maximum average heart rate (HRmax), calculated by a heart rate program computer. 2) Maximum velocity (Vmax) reached by each horse in the second phase of the SET. 3) V LA2 and V LA4 , velocities which produce plasma lactate concentrations of 2 and 4 mmol/l, obtained by extrapolation in the exponential curve velocity-lactate concentration. 4) Peak lactate (PLA), maximum lactate concentration, obtained at the end of the SET or at the first min of recuperation after exercise. 5) Minimum pH (pHmin). 6) Maximum PCV (PCVmax).
Statistical analysis: The statistical study consisted of a principal component analysis, which permitted both a study of the relations between variables (HRmax, Vmax, V LA2 , V LA4 , PLA, pHmin and PCVmax) and a comparison of different individuals with each other.
Principal component analysis is based on the creation of new variables-called principal components-resulting from a linear combination of the variables. The first component explains the highest percentage of the variance and the next component indicates their rank order. Thus, the first 2 principal components explain the greater part of variability. The results of the first two principal components can be plotted on a graph by the projection of the variables or of the individuals on the plan defined by the 2 principal components.
The interpretation of this analysis should consider the following: 1) The greater the separation of a variable or individuals from each other, the better the discrimination between the first two components. The variables located in the center of the graph are difficult to interpret. 2) Two variables or individuals situated near together in space are positively correlated. Conversely, an important spatial separation or an opposite diagonal position shows a negative correlation between the variables or a very clear difference between individuals [12] . This method was previously applied to equine biomechanical studies [23] and fitness evaluation [2, 29] .
RESULTS
In order to simplify the results, we have only taken into account the first two principal components which explain 53.97 and 23.43% of the total variation.
The values of the different fitness indexes for each horse are sumarized in Table 2 . Table 3 showed the weight of each variable. The most discriminant variables have been pHmin, V LA4 , PLA, HRmax, V LA2 and Vmax. Differences between horses in relation to PCVmax were not detected.
All the variables have been plotted on the plan Factor 1 × Factor 2, i.e., the first two principal components (Fig. 1 ). There are certain characteristics which have a positive relationship with the physical capacity, such as V LA2 , V LA4 and Vmax. On the contrary, PLA and PCVmax are negatively related to fitness. Plotting the horses in relation to the predicted value for the first two components gave us an overall view of their exercise ability. Fit horses are located on the left side of the diagram while unfit horses are located on the right. The horses have been divided in 3 groups of fitness according to the opinion of their trainers: group 1, fit horses, group 2, intermediate fitness and group 3, less fit horse (Fig. 2) .
DISCUSSION
A multivariate analysis synthesizes in a graph all the data supplied by certain quantitative variables. Likewise, this method reveals the most important variables to be used to segregate horses by fitness. In our study, these factors were V LA2 , V LA4 , Vmax and PLA. There are certain parameters which appeared to be positively correlated with a good physical capacity (V LA2 , V LA4 and Vmax). Other variables (PLA and PCVmax), on the contrary, seemed to exercise a negative influence on exercise tolerance. The aerobic threshold values of the fit horses (6, 7, and 8), i.e., V LA2 , were higher than those determined in the remaining animals. Sloet van Oldruitenborgh-Oosterbaan et al. [24] found V LA2 higher in endurance horses, whereas the maximum workloads (maximum velocities) were not significantly different between the endurance horses and the riding-school horses. These authors, therefore, concluded that the trained endurance horses had the same speed as the riding-school horses, but they were able to perform a high submaximum workload without lactate accumulation. This fact could also be applied to horses with different level of fitness, thus, higher V LA2 values are related to better performers.
The V LA4 results of the present study remained between 5.01 and 6.152 m/sec, the latter value was for horse 8, the animal selected by the trainers as being the fittest. This indicates that the horses with most physical aptitude need a greater intensity of exercise to reach a defined level of lactate production. These results agree with those of Wilson et al. [32] and Erikson et al. [9] , but are contrary to those documented in Thoroughbred racehorses by Bayly et al. [3] and Harkins et al. [13] . The last authors reported a negative correlation between V LA4 and the running speeds for 1,200 m, 1,600 m and 2,000 m runs. Similarly, faster horses attained higher plasma lactate levels when raced over distances of 200, 300 and 400 m [22] . Because human middle-distance events (400-800 m) are of similar duration (about 50-120 sec) to most Thoroughbred races (1,000-2,000 m), the metabolism of successful Thoroughbred racehorses may be similar to the metabolism of the successful human middle-distance runners. Therefore, it appears that high, rapid lactate production is advantageous for a Thoroughbred racehorse to compete successfully. In the same way, Heck et al. [14] showed that 800 m-runners attain a 4 mmol/l plasma lactate level at a slower speed than do 1,500-m runners, and marathon runners attain that concentration at a high speed than do runner of any other distance. The explanation for this discrepancy could be dependent on the characteristics of the SET, since the intensity and the duration of the event modify the metabolic response to exercise. On the other hand, Persson [20] described a lower value for V LA4 in horses affected by chronic obstructive pulmonary disease (COPD) due to an inferior aerobic capacity resulting from restricted alveolar ventilation. In conclusion, it appears that a higher V LA4 is a predictor of better fitness on the basis of a superior cardiorespiratory system.
High values for the aerobic and anaerobic thresholds, together with the higher maximum velocities reached by the horse during the second stage of the test were the best indicators of the superior state of fitness in horses 6, 7, and 8.
Another parameter which permitted the segregation of the horses in functional groups was PLA, although in this case its physiological interpretation was the opposite to that of the three parameters previously considered. In effect, a high PLA value implied a worse state of fitness. Increased lactic acid production has traditionally been considered to be a limiting factor for performance. Essen's [11] characterization of a good human athlete showed a lesser dependence on glycogen as an energy source with a greater consumption of lipids, which could reduce lactate production. In fact, an accumulation of this metabolite leads to a drop in the intramuscular pH, causing the inhibition of the catalytic activity of certain enzymes which regulate the [18] . Likewise, a decrease in pH conditions changes in the permeability of the sarcolemma and interferes in the union of calcium with actinomiosin [31] .
Negative consequences of lactate accumulation were demonstrated for these same horses in a previous paper [19] , when an inverse correlation was found between lactate concentration after the submaximal test stage and the maximal speed.
The fittest horses (6, 7 and 8) showed the highest values for pHmin which ranged between 7.19 (horse 8) and 6.95 (horse 1). In virtue of this, the blood pH would appear to be a limiting factor for the exercise tolerance of a horse. Harkins et al. [13] give discrepant data as they found lower pH values for the fastest horses. This phenomenon could be attributed to the characteristics of the test. If its duration were longer, it would probably be possible to describe this inverse correlation between the pHmin and the maximum speed due to the manifestation of the biochemical cellular modifications which cause a reduction in the pH, and condition an alteration in the functioning of the contractile myofibrillar system [26] . A buffering capacity is very important in the neutralization of the H + generated by the glycolisis and by the deionization of the lactic acid [5] , with the bicarbonate system as the outstanding element. Harkins et al., in the investigation previously considered, documented a negative correlation between minimum HCO 3 and the racing speed. This suggests that the fastest horses produce more lactic acid so that the HCO 3 system undergoes an important reduction. In this study on 8 Andalusian horses, unfortunately, the modifications in the bicarbonate concentration were not analyzed and no comparisons could therefore be made.
Persson [20] considered the PCV value as being representative of a greater aerobic capacity. If this were so, the maximum value reached by the PCV would have a positive effect on performance. However, in our case, the horses with lower values of PCVmax were considered to be fitter. Various hypotheses could explain our results: 1) Boucher et al. [4] , in the course of an exercise bout, observed a marked rise in the number of echinocytes, spiculated red cells. McClay et al. [17] related this finding to a depletion of electrolytes, an increase in plasma osmolality, dehydration and metabolite accumulation. The appearance of these abnormal erythrocytes has also been reported in Andalusian horses [10] . In the present study, horses with the highest PCV might display a greater number of echinocytes, thus restricting oxygen carrying capacity.
2) A higher PCVmax might signify significant losses of plasma volume from sweating and respiration [7] which could be more intense in the unfit horses. 3) According to Persson [20] , during an exercise test, a fit horse shows increases in the total erythrocyte mass until a threshold is reached. Similarly, values of over 49% for PCV were considered by Marbach [16] as adverse for performance by an equine athlete. 4) Finally, excessive polyglobulia implies an alteration in blood viscosity which would inhibit liberation of oxygen to the tissues [17] . Therefore, horses with high PCVmax (2, 3 and 4) showed a lesser fitness level.
The influence of HRmax on the physical capacity of the 8 horses evaluated was difficult to assess. As is shown in Table 2 , the HR of the three horses with the best results in the test (6, 7 and 8) exceeded 200 beats/min, despite the correlation between elevated HR, injury and/or fatigue which has been documented in human runners [30] and swimmers [8] . Cardiac output (Q) increases with exercise as a function of heart rate and stroke volume, although at high speeds, Q depends on the rise in the heart rate. Thus, the higher number of beats per min of horses 6, 7 and 8 would have triggered greater cardiac output and, therefore, would have provided more oxygen to the active muscles. The capacity of the tissues to extract oxygen and the organism's ability to mobilize oxygen must also be considered. Another point to take into account is the higher velocity reached by these horses, which could cause the higher heart rate.
In conclusion, a principal component analysis enabled us to segregate the 8 Andalusian horses studied into different groups according to their physical potential in spite of the homogeneity of the training, sex, age, feeding and handling. The most discriminant variables were V LA2 , V LA4 , PLA, pHmin and Vmax.
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